. ROLLOVER CONTROL METHOD AND SYSTEM THEREOF 



CROSS-REFERENCE TO RELATED APPLICATIONS 

[00 1 ] This application claims priority of Korean Application No. 

10-2002-0084976, filed on December 27, 2002, the disclosure of which is 
incorporated fully herein by reference. 

FIELD OF THE INVENTION 

[002] The present invention relates to a rollover control method and a system 

thereof and, more particularly, to a rollover control method and a system thereof 
adapted to predict a rollover and to prevent a vehicle firom turning over while the 
vehicle is in motion and to activate a safety system, thereby protecting the passengers 
fi-om a rollover. 

BACKGROUND OF THE INVENTION 

[003] There is a drawback in the conventional rollover control method and 

system in tiiat a model used to predict the rollover is based on a steady state such that an 
accurate prediction cannot be made in relation to a transient rollover. Further, the 
conventional rollover control method and system has a wide margin of error, resulting 
in incorrect results in predicting a rollover for a moving vehicle. 

SUMMARY OF THE INVENTION 

[004] Embodiments of the present invention provide a rollover control 

method and a system thereof adapted to acciu-ately predict and determine the possibility 
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of a transient rollover, whereby passengers can be protected by either preventing the 
rollover or actuating a safety system when the rollover occurs. 
[005] In accordance with one embodiment of the present invention, there is 

provided a rollover control method, the method comprising the steps of: detecting a 
steering angle, wheel Revolutions Per Minute (RPM), roll angle, roll rate, yaw rate and 
vehicle speed detected according to the change of the operation state of a vehicle; 
processing the steering angle and the wheel RPM thus detected by a vehicle dynamical 
equation, thereby calculating a longitudinal velocity, lateral velocity, yaw rate, roll rate, 
roll angle, slip angle, and slip ratio; predicting a slip angle transiently generated while 
the yaw rate, roll rate, roll angle, and vehicle speed thus detected and the valves 
calculated using the vehicle dynamical equation are processed by a filter; calculating a 
tire lateral force based on the slip angle thus predicted; performing a pre-roUover 
decision subroutine that estimates the possibility of generating a rollover based on the 
tire lateral force thus computed; predicting a lateral velocity using the filter when there 
is a possibility of a rollover at the pre-roUover decision subroutine; and performing a 
rollover decision subroutine that assesses the rollover based on the lateral velocity thus 
decided, hi a preferred embodiment the filter is a Kalman filter. 

[006] The pre-roUover decision subroutine comprises the steps of: determining 

whether a vehicle is turning based on the tire lateral force; determining whether a 
vehicle is sharply turning after a first warning when it is determined that the vehicle is 
turning; and performing a control action in order to prevent a rollover following a 
second warning when the vehicle makes a sharp turn. 

[007] The rollover decision subroutine comprises the steps of: comparing the 

lateral velocity predicted and applied by the filter, with a reference value of a rollover 
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decision; and carrying out a control action for a passenger's safety when the rollover is 
thus predicted. 

[008] In accordance with another object of the present invention, there is 

provided a rollover control system, the system comprising: a vehicle operation state 
detecting module for detecting a steering angle, a wheel Revolutions Per Minute (RPM), 
a yaw rate, a roll rate, a roll angle and a vehicle speed that vary in relation to changes in 
the running state of the vehicle; a vehicle dynamics processing module for calculating a 
longitudinal velocity, lateral velocity, yaw rate, roll rate, roll angle, slip angle and slip 
ratio by a vehicle dynamical equation that is preset in a program after receiving the 
steering angle and the wheel RPM detected from a vehicle operation state detecting 
part; an appUed filter module for predicting the slip angle and the lateral velocity by ' 
using the values calculated &om the vehicle dynamics processing module and the yaw 
rate, roll rate, roll angle and vehicle speed detected by the vehicle operation state 
detecting module after a predetermined time period; a tire dynamics processing module 
for calculating a tire lateral force based on the slip angle value predicted at the applied 
filter module; a pre-roUover decision module for deterring the rollover when its 
generation is forecasted based on the lateral force produced from the tire dynamics 
processing module; a rollover decision module for performing a protective action for the 
passengers when the overturn is decided based on the lateral velocity generated fix)m the 
applied filter module after the rollover generation control action is performed by the 
pre-roUover decision module. 

[009] In a preferred embodiment the applied filter module comprises a Kalman 

filter. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] For fuller understanding of the nature and objects of the invention, 

reference should be made to the following detailed description taken in conjunction 
with the accompanying drawings in which: 

[001 1] FIG. 1 is a block schematic diagram of a rollover control system 

according to an embodiment of the present invention; 

[0012] FIG. 2 is a flowchart of a rollover control method according to an 

embodiment of the present invention; 

[0013] FIG. 3 is a flowchart of a pre-rollover decision subroutine in 

accordance with an embodiment of the present invention; and 

[0014] FIG. 4 is a flowchart of a rollover decision subroutine in accordance 

with an embodiment of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

[0015] Hereinafter, the preferred embodiment of the present invention will be 

described in detail with reference to the accompanying drawings. 

[0016] FIG. 1 is a block schematic diagram of a rollover control system wherein 

a vehicle operation state detecting system 100 detects a steering angle, wheel RPM, yaw 
rate, roll rate, roll angle, and vehicle speed in relation to changes in the running state of 
a vehicle, and various modules for detecting and processing these parameters. 
[0017] A rollover control system 200 comprises a vehicle dynamics processing 

module 210, a filter module 220, a tire dynamics processing module 230, a pre-rollover 
decision module 240, and a rollover decision module 250. In a preferred embodiment, 
the filter module 220 comprises an applied Kahnan filter. The rollover control system 
200 fiirther calculates a transient slip angle by receiving the steering angle, the wheel 
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RPM, the yaw rate, the roll rate, the roll angle and the vehicle speed detected from the 
vehicle operation state detecting system 100 using the filter. The rollover control 
system 200 then outputs a warning signal and a rollover control signal by way of 
performing a rollover preliminary decision, and generates a control signal for protecting 
the passengers once the rollover is determined. 

[0018] An active rear toe-in control system 300 outputs a control signal for 

actively controlling the toe-in of the rear side tires according to the rollover control 
signal generated from the rollover control system 200. A traction control system 400 
outputs a control signal for reducing an engine output in order to curtail the engine 
output of a vehicle according to the rollover control signal from the rollover control 
system 200. A brake control system 500 outputs a brake control signal for reducing the 
vehicle speed with respect to the rollover control signal from the rollover control system 
200. 

[0019] An activating system 600 includes an airbag activator 610, a seatbelt pre- 

tensioner activator 620, a lateral side protective activator 630, a rear toe-in activator 640, 
an engine activator 650, a brake activator 660, and a warning part 670, wherein control 
signals that are produced from the control system 200, an active rear toe-in control 
system 300, a traction control system 400, a brake control system 500 and the like 
frmction to prevent generation of the rollover, thereby generating the rear toe-in control, 
the engine output reduction, the vehicle speed slow-down and a warning signal. The 
activating system further causes an airbag to inflate for the passengers' safety during a 
rollover, adjusts a seatbelt pre-tensioner, and activates a lateral protective apparatus. 
[0020] The vehicle operation state detecting system 100 contains a steering 

angle detecting module 1 10 for detecting the steering angle, a wheel RPM detecting 
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module 120 for detecting a four-wheel RPM, a roll angle detecting module 130 for 
detecting the roll angle, a roll rate detecting module 140 for detecting the roll rate, a 
yaw rate detecting module 150 for detecting the yaw rate, and a vehicle speed detecting 
module 160 for detecting the speed of the vehicle. 

[002 1 ] The vehicle dynamics processing module 2 1 0 of control system 200 

calculates a longitudinal velocity, a lateral velocity, a yaw rate, a roll rate, a roll angle, a 
slip angle, and a slip ratio using a vehicle dynamical equation that is preliminarily 
programmed after receiving the steering angle and the wheel RPM from the steering 
angle detecting module 1 10 and the wheel RPM detecting module 120 of the vehicle 
operation state detecting system 100. The filter module 220 estimates the slip angle by 
receiving the roll angle, the roll rate, the yaw rate and the vehicle speed detected fix)m 
the roll angle detecting module 130, the roll rate detecting module 140, the yaw rate 
detecting module 150, and the vehicle speed detecting module 160 of the vehicle 
operation state detecting system 100, and by receiving the longitudinal velocity, the 
lateral velocity, the yaw angle, the roll rate, the roll angle, the slip angle and the slip 
ratio from the vehicle dynamic processing module 210. The tire dynamics processing 
module 230 computes and decides each tire lateral force using the predictive slip angle 
value at the filter module 220. The pre-roUover decision module 240 outputs a 
predetermined control signal for deterring the predictive rollover after assessing the 
lateral force from the tire dynamics processing module 230 and predicting the rollover 
regarding the turning of the vehicle. The rollover decision module 250 outputs an 
activating control signal so as to protect the passengers when the rollover is predicted, 
after judging the possibility of the rollover in comparison with the lateral acceleration of 
a vehicle produced by the filter module 220 by re-inputting the operation state of a 
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vehicle, where the operation state varies in compliance with the control signal of the 
pre-roUover decision module 240. 

[0022] An airbag activator 610 of activating system 600 causes an airbag to 

inflate according to a control signal &om the rollover decision module 250 of the 
rollover control system 200 for the safety of the passengers when the vehicle turns over. 
The seatbelt pre-tensioner activator 620 adjusts the seatbelt pre-tensioner according to a 
control signal from the rollover decision module 250 of the rollover control system 200 
for the passengers' safety during a rollover. The lateral side protective activator 630 
prevents the lateral side of the vehicle from being crushed inward into the vehicle, 
according to a control signal from the rollover decision module 250 of the rollover 
control system 200. The rear toe-in activator 640, driven for the toe-in of the rear side 
tires of a vehicle by a control signal from active rear toe-in control system 300. Engine 
activator 650 reduces the engine output based on a control signal of the traction control 
system 400. Brake activator 660 reduces the vehicle speed via a control system of the 
brake control system 500. Warning part 670 warns the driver by either emitting a light 
signal or producing a warning sound to inform the possibility of the rollover through the 
warning signal of the rollover control system 200. 

[0023] The rollover control system and the method thereof are described in 

more detail with reference to FIGS. 2 to 4. 

[0024] Once the engine is started in order to move a vehicle, vehicle operation 

state detecting system 100 detects the steering angle, wheel RPM, roll angle, roll rate, 
yaw rate and the vehicle speed that vary in relation to the change of the operation state 
of the vehicle (SI 00). In addition, the rollover control system 200 receives the steering 
angle, the wheel RPM, the roll angle, the roll rate, the yaw rate and the vehicle speed 
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detected from the vehicle operation state detecting system 100 to detemiine the 
possibility of the rollover. 

[0025] In other words, the rollover control system 200 determining the rollover 

of a vehicle is so designed as to input the steering angle varied in response to a driver's 
steering operation and the four-wheel RPM to a vehicle dynamics processing module 
210 (SI 10), Further, the roll angle, the roll rate, the yaw rate and the vehicle speed 
which all change in relation to the running state of the vehicle are; inputted into an 
applied filter module 220 (SI 20). 

[0026] The vehicle dynamics processing module 210 computes a longitudinal 

velocity, a lateral velocity, a yaw rate, a roll rate, a roll angle, a slip angle, and a slip 
ratio by processing the steering angle and the wheel RPM detected by a vehicle 
dynamical equation. The filter module 220, meanwhile, predicts and outputs the slip 
angle generated in a transient state by the detected yaw rate, the roll rate, the roll angle, 
the vehicle speed and the values calculated by the vehicle dynamical equation 
preferably via a Kahnan filter (S 130). 

[0027] Moreover, the tire dynamics processing module 230 of the rollover 

control system 200 receives the predicted slip angle from the filter module 220 and 
outputs the lateral force (Fy) of each tire using a tire dynamical equation (S140). The 
pre-roUover decision module 240 carries out a pre-roUover decision subroutine to 
decide whether a rollover has occurred by using each detected tire lateral force (Fy) 
(S150). 

[0028] The pre-roUover decision subroutine compares each tire lateral force (Fy) 

that is calculated from the tire dynamics processing module 230 whereby when a 
rollover is predicted to occur, the pre-roUover decision subroutine sends a warning 
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signal and control signals, such as a rear toe-in control, a vehicle speed reduction and an 
engine output slow-down for preventing the turnover at the same time. 
[0029] The filter module 220 receives the roll angle, the roll rate, the yaw rate 

and the vehicle speed after the operation state of a vehicle is changed via a control 
signal. Such a control signal may be the rear toe-in control, the vehicle speed reduction, 
or the engine output slow-down, produced firom the pre-roUover decision module 240 of 
the rollover control system 200. Filter module 220 then calculates the lateral velocity 
(Vy). Rollover decision module 250 is applied for accurately deciding the rollover 
using the lateral velocity (Vy) calculated to perform a below-mentioned rollover 
decision subroutine (SI 70). 

[0030] The rollover decision subroutine receives the lateral velocity (Vy) 

calculated firom the filter module 220 at the rollover decision module 250 and compares 
the lateral velocity with a reference value (CSV: Critical Sliding Velocity) forjudging 
the rollover. When the lateral velocity (Vy) is decided to be larger than the reference 
value of the rollover decision, the rollover is preliminarily estimated and an airbag 
expansion, a lateral side protection of the vehicle, and an adjustment of the seatbelt pre- 
tensioner are developed in order to protect the passengers in case of a turnover. 
[0031] A vehicle dynamical equation for calculating the longitudinal velocity, 

the lateral velocity, the yaw rate, the roll rate, the roll angle, the slip angle, and the slip 
ratio can be defined by the following mathematical equations 1 through 5. 
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[Equation 1] 
Longitudinal Force, Fx : 



Fx — m 



rris • /2I 
m J 



Lateral Force, Fy ; 



Fy = m 



Vy+ r'Vx + p 



P 

m J 



Yaw Moment, Tz : 
Tj = Izr-Lz- p 

Roll Moment, Tx: 
Tx = lx' p— ixz'r+mj' 



m ' total vehicle mass [kg] 

[ Equation l]may be replaced by [Equation 
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[0032] [Equation 2] 

Longitudinal Velocity, Vx : 

Fx __ ffts'h 

Vx = — + r-PS + r-/7 

m m 

Lateral Velocity, Vy : 

Vy^-r^Vx —\Fy{l^xz-Ix'Iz)+ms'h{LTx'\-IxzT2^ 

Kvy 

Yaw Rate, r : 

r^—]^'Ix-m^s'h^\Tz + mIxzTx-ms'h 

Kvy 

Roll Rate, p: 

p = —\m'{lz'Tx + Ixz'Tz)-mshIzFy\ 

Kvy 

Roll Angle, ^ : 
^ = P 

where, 

Kyy^lfl' Ix' Iz^TIt' Ixz^ — Tfls^ ' • Iz 

Ix: Roll Moment 
L: Yaw Moment 

Lcz : Multiplication of the Roll Moment and the Yaw Moment 
ms: Spring mass 

h : Height between the road and the center of a vehicle 
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[0033] [Equation 3] 

Slip Angles, a : 

Slip Angle of a front left wheel, a ji : 
Slip Angle of a front right wheel, a jr 

9 

SUp Angle of a rear left wheel, a h : 

a r/ = — (ar/_55 -Or/) 



Slip Angle of a rear right wheel, a i 

arr = [Orr _ss — arr] 



Slip Ratio, s : 

SUp Ratio of a front left wheel, s ji ; 

S Jl = — (^Sfl _ss — Sjl^ 
Ox 



Slip Ratio of a front right wheel, 5 jr : 

Sfr= \^S/r _ss — S/rj 



Slip Ratio of a rear left wheel, j r/ : 

Vx( \ 
Srl = \^Srl _ss — Srl\ 

(Tx 



Slip Ratio of a rear right wheel, s $ 
• Fx, X 

Srr— \Srr _ss^ Srr J 

Or 



Or and Ox : lateral and longitudinal relaxation length [m] 

* The steady state value (a_ss) of slip angle and the steady state value (S_ss) of slip ratio 
can b.e derived from [Equations 4 and 5] below. 

[0034] [Equation 4] 

Steady State Values of Slip Angles, Oss : 



Slip Angle of a front left wheel : anj 

afl.ss = —Qfi H 



Slip Angle of a front right wheel : Offr ss 



Vx 



sup Angle of a rear left wheel : cxd_ss 

ss - —Ctl-\ 



sup Angle of a rear right wheel IOCtt ss 

- Vy-lr-r 

C&r_ss = — »T H 



where, 

^1 = Sfo-^ Krsf * — Kcsf ' Fyfl 
Sfi-^^o — Krsf ' ^ — Kcsf • Fyfr 
Sri = Knr ' ^ — Kcsr ' Fyrl 
&r = —Knr ' ^ — Kcsr ' Fyrr 



dfo : steering angle input valve [rad] 

Krsf,Krsr I To\l stccring Coefficient of front or rear part of a vehicle[rad/rad] 
Kc5f,Kcsr : cornering stifftiess of front or rear part of a vehicle [rad/n] 
Fyfiy Fyfr,Fyri,Fyrr I lateral forcc of each tire[N] 
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[0035] [Equation 5] 

Steady State values of Slip Angles, Sss : 

OJI _ss = l 

Vx 
Rw O)fr 
Vx 

Sri _ 5S = 1 

Srr _ jj = 1 

Rw'COtr 

Rw : dynamic rolling radius [m], (= 0.32) 

axi, eo&y fiM, a)iT : wheel angular velocity inputs [rad/s] 

In addition, tire dynamical equation enumerating the lateral force of each tire 
can be defined by [Equations 6 to 8] 
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[0036] [Equation 6] 



Longitudinal Force : Fx 
Lateral Force : Fy 

Fy — Fyf + Fyr 

Yaw Moment :Tz 

Tz = If Fyf - IrFyr ^ ^[Fxf! - Fyfl^ - {F^c^t - Fyfr Sfr )] 
+ ^ [Fxt/ — Fyrl&l — {Fxtt — Fyrr&r^ 

Roll Moment :Tx 

Tx = ms'h'g-{Kr'^-\-Br' p) 

if and U : front and rear tread [m], (= 1 .4986/1 .5037) 
g : gravitational acceleration (=9.81) 
/Tr : sum of front and rear roll stiffiiess[Nx m/rad] 
Br : sum of front and rear roll damping [N x m x s/rad] 

Fxf,Fxr,Fyf,Fyr iu tlic [Equatiou 6] are derived from [Equation 7] 
[0037] [Equation 7] 

Fxf — Fxfl + Fxfr — Fyfl ■ dfl — Fyfr ' Sfr 
Fxr ^ Fxrl ^ Fxrr — Fyrl ' Sri — Fyrr ' Srr 
Fyf -^^Fyfl-^ Fyfr + Fxfl -Sn-^-F^' Sfr 
Fyr = Fyrl -f Fyrr + Fxrl - Si + Fxrr ' St 

Longitudinal Force of each tire {Fxfi, Fxfr, Fxh, Fxrr) of [Equation 7] and lateral force of 
each tire (F>i/i, Fyfr, Fyri, Fyn) can be derived from [Equation 8] 
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[0038] [Equation 8] 

Longitudinal Force of each tire : Fx 

Fxfl — Cxf ' Sfl 

Fxfr = Cxf • Sfi- 
Fxrl = Cxr • Sri 
Fxrr = Cxr * Srr 

Lateral Force of each tire : Fy 

Fyfl = -Cyf • Oft 
Fyfr = -C^'C^ 
Fyrl = —Cyr * Orl 
Fyrr = —Cyr • OCrr 

where, Qf andCtr : front and rear longitudinal force sti£Biess[N] 
Cyf and Cyr : front and rear cornering stifQiess[N/rad] 

[0039] As illustrated in FIG. 3, when the pre-rollover decision subroutine starts, 

a pre- rollover decision module 240 receives the lateral force (Fy) of each tire from a 
tire dynamics processing module 230 to determine whether any of the tire lateral forces 
(Fy) becomes zero (S200, S210, S220). In other words, each tire having a zero tire 
lateral force means that any one of either front or rear outer tire of a turning vehicle is 
lifted from the road surface, thereby not producing any lateral force (Fy). 
[0040] Subsequently, when one of the tires is decided to have a zero lateral force 

(Fy), the pre-rollover decision module 240 outputs a first warning signal to a driver to 
notify the potential rollover (S230). However, when none of the tires is judged to be 
zero in lateral force (Fy), the pre-rollover decision module 240 increases in time by dt 
and performs the step (SllO) that inputs the operation state of a vehicle by returning to 
the main routine (S240). 
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[0041 ] Furthennore, the pre-roUover decision module 240 determines whether 

any of the two tires has a zero lateral force (Fy) following the first warning signal 
(S250). When it is determined that two of the turning tires have a zero lateral force (Fy), 
the pre-roUover decision module 240 outputs a second warning signal to alarm a 
possible rollover (S260). 

[0042] Moreover, the pre-roUover decision module 240 outputs signals 

requesting for a rear toe-in control, an engine output slow-down, and a vehicle speed 
reduction to an active rear toe-in control system 300, a traction control system 400, and 
a brake control system 500, as shown in FIG. 1, for preventing a rollover when a vehicle 
makes a tum on a curved road (S270). 

[0043] The active rear toe-in control system 300 outputs a toe-in control signal 

for ah inwardly angled adjustment of the rear wheel of a vehicle to a rear toe-in 
activator 640 of an activating system 600. 

[0044] The traction control system 400 outputs control signals for a thfbttle 

valve opening and a fuel injection to an engine activator 650 of the activating system 
600 for reducing the engine output. 

[0045] The brake control system 500 outputs a brake operation control signal 

reducing the vehicle speed during a tum on a curved road, to a brake activator 660 of 
the activating system 600. 

[0046] The activating system 600 reduces the vehicle speed of a turning vehicle 

and the engine output, and makes the rear tires toe-in at the same time in response to the 
control signal accompanied by the active toe-in control system 300, a traction control 
system 400 and a brake control system 500, thereby minimizing the rollover of the 
vehicle. 
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[0047] The pre-roUover decision module 240 induces the rollover preventive 

control signal and inputs a roll angle, a roll rate, a yaw rate and the change of a vehicle 
speed into the applied filter module 220 by returning to the main routine, executing a 
step (SI 60) for calculating the lateral velocity and determining whether the rollover is 
completely controlled in the turning vehicle (S280). 

[0048] Nevertheless, when one of the running vehicle tires is determined to 

maintain a zero tire lateral force, the pre-roUover decision module 240 signals a warning 
Ught to notify the driver that the vehicle is in danger of overturning and extends the time 
for a predetermined period (dt), and performs a step (SI 10) for receiving the change of 
the operation state of the vehicle so as to assess the rollover with respect to the 
operation state thereof by returning to the main routine (S290, S295). 

[0049] [Rollover Decision Subroutine] 

[0050] As illustrated in FIG. 4, once the rollover decision subroutine (S300) is 

started, a rollover decision module 250 of a rollover control system 200 receives the 
input of the lateral velocity (Vy) of a turning automobile generated by a calculation at 
the filter module 220 and compares the lateral velocity (Vy) thereof with the first 
reference value for deciding generation of the rollover (S3 10, S320). 
[005 1] The first reference value (CSV) is decided by maintaining an Angular 

Momentum and can be defined as the following mathematical equation 9. 
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[0052] [Equation 9] 



CSV = Factor- 




Factor : tuning value in relation to type of vehicle 
t : tread 

h : height of the central axis of a vehicle from the ground 

[0053] Once the lateral velocity (Vy) of a turning vehicle is decided to be larger 

than that of the first reference value, the rollover decision module 250 predicts that the 
turning automobile is about to be overtumed, starting to output control signals for a 
protection of the passengers by way of an airbag expansion, a seatbelt pre-tensioner 
adjustment and a protection of the lateral side of a vehicle from being distorted (S340). 
[0054] An airbag activator 610 of an activating system 600 ignites an airbag 

ignition circuit to expand the airbag according to a control signal from the rollover 
decision module 250 of the rollover control system 200. A seatbelt pre-tensioner 
activator 620 adjusts the seatbelt for minimizing the movement of the passengers. A 
lateral side protective activator 630 prevents a dent in the lateral side of a car caused by 
a collision. 

[0055] Thus, while a vehicle turns on a curved road, the filter module 220 

precisely estimates the slip angle thereof by inputting the change of the running state of 
a vehicle, whereby the rollover can be prevented on the turning vehicle. Even in a case 
where a vehicle is overtumed, injury to the passengers can be minimized by predicting 
the rollover before the overtum actually happens. 

[0056] As apparent from the foregoing, there is an advantage in the rollover 

control method and a system thereof in that the running state of a vehicle is detected and 
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the lateral force of each tire is predicted in real time, preferably using a Kalman filter, 
thereby accurately detennining whether a transient rollover will occur, and contributing 
to prevent the rollover, so that the passengers can be protected by activating a safety 
system. 
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